The objective of this paper is to examine how economists have perceived the contributions of agriculture to the economic development process and then to present the case for the critical role that research, extension and information can play in agricultural productivity growth and thus in economic development, particularly in low income countries. After a brief presentation of the framework commonly used to examine productivity growth, a distinction is made between technological change and technical efficiency. This distinction is crucial for policy purposes because the major impetus behind technological change are research and development, while education and experience are critical to improving managerial capabilities to make efficient use of a given technology. Empirical findings concerning the returns on agricultural research, with special attention to studies that have focused on Pakistan, are discussed. The paper then offers an overview of alternative methodologies available to measure technical efficiency, summarizes the empirical literature, and finally focuses on studies dealing with Pakistani agriculture.
INTRODUCTION
A remarkable feature of our time is the consensus regarding the importance of market forces in the economic growth of rich and poor countries alike (Crook, 1997) . This consensus has not escaped agriculture, as demonstrated by the policy reforms that many countries have adopted. These policies gathered momentum during the Uruguay Round of GATT and have sought to liberalize domestic farm prices and to integrate domestic markets into the global economy (Baffes y Meerman, 1997) . Despite these changes, poverty alleviation continues to be a major unfulfilled task. Hence, a significant challenge facing policy makers in many less developed countries (LDCs) is to insure that the millions of subsistence farmers who become integrated into the market economy can cope with the rigors imposed by international competition (Garrett, 1997; Timmer, 1997) .
The objective of this paper is to examine how economists have perceived the contributions of agriculture to the economic development process and then to present the case for the critical role that research, extension, and information can play on agricultural productivity growth and thus on economic development, particularly in low income countries. In section 2 we review the role that agriculture can play in the process of economic development. The third section provides an overview of a framework for examining productivity growth and spells out the difference between technological change and technical efficiency. The four section starts with some brief comments on alternative methodologies used to measure the rates of return on investments in agriculture (and extension) and then reviews empirical findings concerning these returns with special attention to studies that have focused on Pakistan. The fifth section provides an overview of alternative methodologies available to measure technical efficiency, gives an overview of the empirical literature, and then focuses on studies dealing with Pakistani agriculture. The sixth and last section presents concluding remarks.
AGRICULTURE AND ECONOMIC DEVELOPMENT
Agriculture plays an important role in the economic transformation of many countries, particularly in LDCs. The economic transformation is the process by which the relative importance of agriculture in a country's economy tends to decrease over time in terms of the share of employment and income generated by this sector (Timmer, 1988) . This process has been characterized by Johnston (1970) as one of the most robust empirical regularities in economics. Table 1 presents the types of data that are commonly used to document the economic transformation for a group of 20 countries for the years 1965, 1975, 1985, 1995 and 2000 . These countries are separated into three groups, High-Income (HIC), Middle-Income (MIC) and LowIncome (LIC), according to the World Bank classification for 2000.
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To illustrate the general relationships that are expected from the economic transformation perspective, we will focus on the years 1975 and 1995 and on three countries --Canada, Mexico, and Pakistan --one from each income category (see Table 1 and Figure 1 ). In 1975 we observe that agriculture's share of GDP is 4%, 8% and 30% for Canada, Mexico and Pakistan, respectively. In 1995, this share remains unchanged for the first two countries but it decreases to 26% in Pakistan. For these three countries and in the same order, the share of agriculture in total employment is 7%, 40% and 57% in 1975 and 3%, 34% and 52% in 1995 . The share of agricultural exports between the two years goes from 9.7% to 6.8% in Canada, 32.5% to 6.1% in Mexico, and from 44.3% to 12.1% in Pakistan. In sum, the data clearly show that agriculture becomes less important in terms of its contribution to GDP, employment, and exports as GNP per capita increases over time for a given country and across countries at a given point in time.
Two fundamental reasons explain the economic transformation: 1) The low income elasticity of demand for food; and 2) the possibility of sharply increasing agricultural output with a constant or even a declining labor force (Johnston and Mellor, 1961) .
The relative contribution of agriculture in a country's economy declines as income per capita increases because the share of the additional income devoted to food declines (i.e., Engel's Law).
Moreover, as labor and land productivity increase, fewer resources are needed to produce a given level of food output.
2 Timmer (1993) has argued that the drop in agricultural employment and the declining share of agriculture's contribution to GNP as economic growth proceeds have led influential economists to erroneously conclude that the farming sector does not play an important function in the development process. An implication of this view is that governments need not be concerned with providing a suitable policy environment for agriculture since this sector is destined to become increasingly irrelevant. Economists that have had a significant influence in the formulation of policies that have discriminated against agriculture include Raul Prebisch, Hans Singer, Albert Hirschman and, indirectly, Arthur D. Lewis (Eicher y Staatz, 1990) .
A key point used to justify the view that farming is not pivotal to development is that the terms of trade consistently evolve against agriculture and, therefore, public policy should focus on the promotion of investments in industry. Another contention is that agriculture lacks linkages (both, forward and backward) with other productive sectors and thus it is not attractive as a source for increased economic activity. It has also been argued that agriculture can provide an unlimited quantity of workers to the industrial sector, most of which have zero opportunity cost since they are redundant in the sense that their marginal productivity is zero.
Some economists have claimed that the low elasticity of supply for agricultural products justifies establishing artificially low prices for these products in order to benefit the urban population and thus promote industrial growth. Finally, among those that consider agriculture to be unimportant, some contend that key modern agricultural inputs (e.g., tractors) are indivisible, which makes the fostering of large scale farming operations an important policy objective if costs are to be minimized (Eicher and Staatz, 1990; Schultz, 1987) .
In response to the preceding negative views of the function of agriculture, Johnston and
Mellor published an important paper in 1961, which marks a major change in development thought. In this paper, which has become a classic in the literature, these authors lay out the claim that the agricultural sector has a crucial and very positive role to play in the development process. First, Johnston and Mellor (1961) argue that agriculture must generate a food supply sufficient to satisfy a growing demand. If this objective is not fulfilled, then economic growth can be compromised. The annual growth in food demand (D) is given by D = p + ng, where p is the annual population growth rate, g is the annual per capita income growth rate, and n is the income elasticity of demand for food. The growth in D is of special importance in LDCs given that the values for p and n tend to be relatively high.
A second task assigned to the agricultural sector by Johnston and Mellor is producing not only for internal consumption but also for export markets. In this fashion, this sector can contribute to the generation of foreign exchange, which can be devoted to importing capital goods that cannot be produced domestically.
The third function of agriculture is to transfer human resources from the farm to the city.
Initially, this transfer is relatively easy if the farm labor supply is abundant and its marginal productivity is low. This notion is a major implication of the Lewis (1954) model. As the country develops, the transfer of workers must be accompanied by increases in labor productivity through farm mechanization.
Another function of agriculture is to contribute to capital formation throughout the economy. Again, an important insight of the Lewis (1954) model is the explanation of why the rate of capital accumulation is critical in determining the pace at which the industrial sector can generate employment. A poor country that is trying to increase economic growth finds a major need to augment its capital in order to develop its infrastructure. The predominance of the agricultural sector in the economy clearly suggests its importance in generating the resources necessary to undertake such investments.
Finally, Johnston and Mellor (1961) contend that agriculture can be a significant stimulus to the industrial sector by acting as a major consumer of locally produced manufactured products. According to de Janvry (1987) , empirical studies indicate that the expansion of the internal market has been the major contribution of agriculture to the growth in manufacturing.
Work by agricultural economists during the 1960s emphasized not only the role of the farm sector in the development process and the interdependence between agriculture and industry, but also the importance of understanding the determinants of agricultural growth in order to fully exploit its potential (Eicher and Staatz, 1990 1978; 1981) .
More recently, Mellor (1986) has reexamined the function that agriculture should play in the economic development of LDCs. In this analysis, Mellor proposes an economic development strategy where the agricultural sector has a predominant role based on three fundamental elements. First, the rate of growth in agriculture must be swift and technological change must play a key role in this process. Second, domestic demand for agricultural products must increase rapidly, which is only possible if employment also grows rapidly. Finally, the demand for goods and services produced using low capital intensive technologies must increase.
In sum, the conception of the role of agriculture in the process of economic development has experienced a marked evolution over the last several decades. It seems reasonable to assert that the current view is that this sector must continue to play a leading role in the economic growth of LDCs. Furthermore, current projections are that income and population growth will double the demand for agricultural products over the next 50 years, and much of this expansion will come from poor countries. The most challenging period will be the next 20 to 30 years,
given that population as well as income will rise rapidly, particularly in the poorest countries.
Therefore, substantial gains in productivity will be needed to keep up with the increase in demand (Ruttan, 2002) .
Another factor that underscores the current importance of productivity growth in developing agriculture is the liberalization of agricultural markets. There is agreement that trade liberalization tends to enhance economic growth and could play a key role in the fight against poverty and food insecurity. However, there is also a realization that globalization could have (Pinstrup-Andersen, 2002) or is having (Oxfam, 2002) unfavorable effects on the most vulnerable countries and/or on specific subgroups such as peasant farmers and poor urban consumers. This concern has been heightened by the passing of the US $73.5 billion 2002 Farm Bill in the United States, which authorizes over a 70% expansion in agricultural subsidies (von Braun, Wobst and Grote, 2002) . This action could very well trigger reactions by other countries and thus undermine trade negotiations.
In this environment, several analysts contend that increasing agricultural productivity through technical change and efficiency improvements, which historically have made very important contributions to economic growth (Ruttan, 2002) , must be a major priority for lowincome countries (Hazell and Haddad, 2001) . Moreover, Anderson (2002) argues that greater economic and technical assistance from the international community in "… agricultural research, rural education and health, and rural infrastructure may be important co-requisites of trade policy reform if developing countries are to be convinced that they would gain unequivocally from the Doha round [of trade negotiations] " (p. 17).
THE COMPONENTS OF PRODUCTIVITY GROWTH
Productivity growth can be decomposed into technological change and technical efficiency (Nishimizu and Page, 1982) , where technological change can be defined as "…changes in the production process that come about from the application of scientific knowledge" (Antle and Capalbo, 1988, p. 33) . By contrast, technical efficiency is defined as the firm's ability to produce maximum output given available resources and the state of technology (Farrell, 1957) . Figure 2 illustrates these two components of productivity growth.
FIGURE 2
Despite the fact that technological change and technical efficiency are based on the production function methodology, as illustrated in Figure 2 , the empirical measurement of these concepts has progressed largely on separate tracks. It is only in the last decade or so that the methodology introduced by Nishimizu and Page has been adopted by several researchers to decompose productivity growth into its two primary components (e.g., Fan, 1991; Ahmad and Bravo-Ureta, 1995 and 1996; Kalirajan, Obwona, and Zhao, 1996; Ahmad and Ahmad, 1998; Ahmad 2001 ).
The distinction between technological change and technical efficiency is important not only for analytical reasons but also because the factors underlying each one of these subcomponents are not the same. Technical efficiency can be interpreted as a relative measure of management ability given technology, while technological change leads to increases in productivity that arise from the adoption of new production practices. Consequently, gains in technical efficiency are derived from improvements in managerial ability, which in turn are a result primarily of education, training and experience. By contrast, the critical force propelling technological change is the investments in research and technology (Ahmad and Bravo-Ureta, 1995) .
RETURNS TO AGRICULTURAL RESEARCH
The measurement of the returns to research (and, to a much lesser extent, extension) in agriculture has received a great deal of attention in the literature. A recent comprehensive meta analysis of this literature by Alston et al. (2000) reports on 292 such studies. Historically, most of the agricultural research has been supported by government funds because agricultural research and extension are largely public goods that have a high social rate of return (Stiglitz, 1987; Evenson and Pray, 1991; Norton and Alwang, 1993) . More recently, as intellectual property rights have become better defined, the private sector has begun to play an increasingly significant role in agricultural research funding not only in rich countries but also in the developing world, including Pakistan (Huffman and Evenson, 1993; Ahmad and Nagy, 2001 ).
Several approaches have been used to measure the effects of past investments in agricultural research (and extension) on output, costs or profits. Here we only provide a very general overview before we move on to discuss some of the key empirical results of this vast literature. The approaches used can be classified into parametric, nonparametric, index number procedures, and the imputation-accounting method.
The parametric approaches are based on an explicit functional form that ties inputs to outputs where technology can be specified as a primal (production function) or dual (cost or profit function) model or in terms of output supply equations. The most popular specification, particularly for developing countries, appears to be production function models. The nonparametric procedures avoid the use of explicit functional forms, and the data are checked for consistency with axioms of behavior (cost minimization or profit maximization). The calculations are typically done using linear programming techniques (Alston, Norton and Pardey, 1995) .
The index number procedure relies on the estimation of total factor productivity (TFP)
indexes calculated as the difference between an index of aggregate outputs and an index of aggregate inputs. Econometric procedures can then be used to determine the share of TFP that can be attributed to investments in agricultural research (and/or extension) among other factors (Alston, Norton and Pardey, 1995) . The imputation-accounting method requires that an invented technology is first identified. The costs of producing, developing and distributing the inventions are then calculated, followed by estimates of the cost advantage to early adopters, the adoption pattern, and associated advantages. The advantages of adoption are then converted to a stream of aggregate net benefits, assuming reasonable market supply and demand functions. The present value of net benefits and internal rates of return are then calculated (Huffman and Evenson, 1993) .
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Empirical estimates of minimum and maximum rates of return to investments in agricultural research and/or extension in LDCs, derived from Alston et al. (2000) , are presented in 
TABLE 3
To present a more detailed view of the rates of return for Pakistan, the studies conducted for this country are presented in Table 3 . As shown in this Table 2 with those included in Table 3 indicates that the figures for Pakistan are, in general, somewhat lower than those for all countries/regions combined, but they are well within the ranges reported elsewhere. Moreover, the estimated figures are considerably higher than the 12% rate that has been traditionally required from investment projects funded by the World Bank (Gittinger, 1982) . Therefore, the evidence suggests that under-investment in agricultural research and extension is a generalized phenomenon and that Pakistan is not an exception in this regard.
TECHNICAL EFFICIENCY: MEASUREMENT AND MEASURES
As has been the case with the study of returns to research and extension, economists have made many advances in refining models to measure the efficiency component of productivity growth. This literature dates back to the seminal paper published by Farrell in 1957, which used the efficient unit isoquant to measure economic efficiency (EE), and to decompose this measure into technical (TE) and allocative efficiency (AE). In this model, TE can be defined as the firm's ability to produce maximum output given a set of inputs and technology. Allocative (or price) efficiency measures the firm's success in choosing the optimal input proportions, i.e.,
where the ratio of marginal products for each pair of inputs is equal to the ratio of their market prices. In Farrell's framework, economic efficiency is a measure of overall performance and is equal to TE times AE (i.e., EE = TE x AE).
The frontier function methodology has become a widely used tool in applied production analysis due mainly to its consistency with the textbook definition of a production, profit or cost function (i.e., with the notion of maximization or minimization). This popularity is evidenced by the proliferation of methodological and empirical frontier studies over the last two decades as reviewed by Battese, (1992) , Bravo-Ureta and Pinheiro (1993) and Thiam, Bravo-Ureta and Rivas (2001) .
Frontier models can be classified into two basic types: parametric and non-parametric.
Parametric frontiers, which require the specification of a particular functional form, can be separated into deterministic and stochastic. The deterministic model assumes that any deviation from the frontier is due to inefficiency, while the stochastic approach allows for statistical noise.
Therefore, a fundamental problem with deterministic frontiers is that any measurement error, and any other source of stochastic variation in the dependent variable, is embedded in the onesided component, making the resulting TE estimates sensitive to outliers (Greene, 1993) . The stochastic frontier production model addresses this sensitivity problem by incorporating a composed error structure with a two-sided symmetric term and a one-sided component. The one sided component reflects inefficiency, while the two-sided error captures the random effects outside the control of the production unit. Figure 3 depicts the major differences between a parametric and a stochastic production frontier.
FIGURE 3
Econometric models for the estimation of efficiency can also be separated into primal and dual approaches, depending on the underlying behavioral assumptions that are made. The primal approach has been more common in frontier estimation, although dual cost and particularly profit function models have gained increasing attention in recent years (Kumbhakar, 2001 ). The estimation of frontier functions can also be categorized, according to the type of data, as crosssection or panel data studies. The estimation of stochastic frontiers with panel data is very appealing because it can avoid several limitations present in cross-sectional studies (Schmidt and Sickles, 1984) .
Non-parametric technical efficiency models, also referred to as data envelopment analysis (DEA), are based on mathematical programming techniques. The main feature of DEA methods is that they do not require the specification of a functional form. Nevertheless, a major drawback of these methods is that they are deterministic and thus affected by extreme observations. Another characteristic of DEA methods is the potential sensitivity of efficiency scores to the number of observations as well as to the number of outputs and inputs (Nunamaker, 1985) .
Despite the significant advances in the frontier function literature, many methodological questions remain. Examples of these questions include the effect of functional form on parametric models, the lack of a priori justification for the selection of a particular distributional form for the one-sided inefficiency term in stochastic frontiers, potential simultaneous equation bias in primal models, the validity of dual models, particularly when profit maximization is the maintained hypothesis, in the context of developing country agriculture. To what extent efficiency estimates are sensitive to model specification is a matter of on-going discussion.
Authors like Coelli (1995) and Hjalmarsson et al. (1996) have discussed the advantages and limitations of the different methodological approaches for the measurement of efficiency.
TABLE 4
The empirical literature has focused largely on the measurement of TE and relatively little attention has been given to the measurement of EE and AE efficiency. Consequently, the discussion in this paper is limited to studies that have focused on the measurement of TE. for all deterministic models is 75.2% compared to 77.3% for all stochastic models. A comparison between the parametric and non-parametric estimates shows that the former are lower (71.9%) than the latter (80.2%), as would be expected on a theoretical basis. The mean TE estimates presented in Table 6 range from a low of 57% for wheat production in Badin to a high of 88.0% for cocoons in Changa-Manga and Chichawatni. The average TE for the deterministic frontiers is 70.1% and 77.0% for the parametric and nonparametric models, respectively. The stochastic frontiers yield an average of 76.7% for cross sectional data and 68.0% for panel data. The overall average for all 22 cases is 72.9%, which is somewhat lower than the 76.7% overall average reported by Bravo-Ureta, for the 484 cases they analyzed (see Table 4 ). In summary, the data for Pakistan reveal that overall output could be increased, on average, by about 27% if the farms included in the studies were to operate on their respective frontiers.
CONCLUDING REMARKS
Several conclusions can be drawn from the preceding discussion. First, despite the seeming inevitability of the "economic transformation", it is reasonable to state that agriculture will continue to play a crucial role in the economy of most developing countries and certainly in Pakistan. Agriculture will not only provide food, employment, internal demand for other domestic products, and foreign exchange, but it must also play a critical function in the alleviation of poverty in low-income countries. Poverty alleviation is not only a national problem: In a shrinking world it has become an international priority and a moral imperative, as evidenced by IFPRI's 2020 Vision and other initiatives.
Second, the large amount of empirical evidence accumulated in the literature clearly suggests that investing in the generation (research), dissemination (extension), and adoption (education and support services) of new agricultural technologies has a high social rate of return.
At the same time, given the public goods nature of agricultural knowledge, public sector involvement in the generation and provision of this knowledge is warranted particularly in poor countries (Stiglitz, 1987) . To achieve the full potential of gains in productivity needed in developing countries, it is imperative for the public sector not only to design and implement a research strategy that would generate technologies that are usable and appealing to farmers but also to provide an environment conducive to the private sector becoming more actively involved in this effort. According to Ahmad and Nagy (2001) , Pakistan made significant progress in encouraging overall private investment between 1982 and 1997. In agricultural research specifically, private investment more than doubled in the 1987-97 period. These authors argue that despite this progress, improvements in the financial, political and economic stability of the country would further promote private investment.
The third point is that the empirical evidence for many countries, including Pakistan,
indicates that there is considerable room to increase agricultural output without additional conventional inputs and without requiring the introduction of new technologies. These efficiency gains would raise output and farm profits, as well as improve competitiveness.
Consequently, there is a clear rationale for supporting producers so they can achieve higher efficiency from the technology already available to them. At the same time, it is necessary to have suitable mechanisms in place that facilitate the dissemination of new technologies, from research plots to farmers' fields, so that the efficient use of new practices can be accomplished in a short time period. These mechanisms include well-articulated extension services, credit availability, input supplies (particularly high quality seeds), output marketing, and market information, among other factors. This challenge will become even more significant as the emerging biotechnological revolution takes hold.
The timely adoption of new technologies is important because it leads to reductions in per unit cost of production and to improved short run profitability to those that are early innovators (Hazell and Haddad, 2001) . Empirical evidence indicates that in regions or countries that have not benefited from agricultural productivity growth, farmers have lost competitive advantage. Moreover, and from a national perspective, agricultural productivity growth contributes to the reduction in food prices, which in poor countries means an increase in the purchasing power of wages, thus lowering the cost of industrial development (Ruttan, 2002) .
Before closing, it is important to emphasize that although we have many studies that document the gap in technical efficiency, we have a considerable way to go in understanding the determinants of efficiency and factors that can stimulate higher levels of performance at the farm level in a cost effective fashion. Two crucial elements are to boost entrepreneurial ability and to improve the quality and quantity of information available to producers, particularly to peasant farmers. In this regard, the Farm Management Center (FMC) model, which has been developed and implemented successfully in some European countries, particularly Spain, France, and Denmark, and that more recently has made some inroads in developing countries like Chile and El Salvador, deserves analysis to determine if it is adaptable to other countries and cultures (Solís, 2002) . The FMC model has been promoted as a private extension service alternative in response to the decline in public support for extension services that has been experienced since the mid-1980s (Dinar, 1996) . It is safe to assume that the pressures to find alternatives to public extension systems will not dissipate any time soon.
The objectives of the FMCs are to increase farm productivity and profits by strengthening entrepreneurial capacity among resource-constrained farmers, promoting and facilitating the adoption of environmentally friendly technologies, and generating and providing timely market and technical information so that decision making at the farm can be improved. The lack of access to information about markets, technology, and finance remains a major obstacle to improving productivity and competitiveness for subsistence farmers in developing countries.
This paucity of information is a barrier to entering the market economy and confines these farmers to remain in poverty. To improve the competitiveness of subsistence farmers within global markets, it is necessary to encourage and facilitate their progressive integration into the market economy. For this integration to take place, it is essential that farmers have access to reliable up-to-date information so that they can improve the profitability of traditional products and evaluate the adoption of higher value products and technologies that are compatible with environmental quality.
A final point is that in order for professional economists, particularly those of us that do applied work, to advance our understanding of the drivers of productivity growth at the farm level, it is necessary to improve data quality and availability. This author's experience is that considerable effort is devoted in expensive farm data collection exercises, but there is no coordination or systematic approach behind this work. Consequently, data collection efforts, which could and should generate the raw material we need to perform meaningful economic studies and thus contribute to policy design, are largely lost. My hypothesis is that with a reasonable level of effort, this situation could be vastly improved. To quote Richard Just, "…agricultural economics research is in some important ways, off track….. [and] …data availability is perhaps the greatest constraint" (2000, p. 155). Alston et al (2000) , Ahmad and Nagy (2001) , and the original publications. 
